Studies have shown that in patients with paroxysmal supraventricular tachycardia (SVT), spontaneous or stimulated atrial premature depolarizations (APD) falling within a specific portion of the relative refractory period of the atrioventricular (A-V) conduction system initiate SVT. The present study was designed to determine whether the A-V nodal conduction delay these APDs exhibit, or their coupling interval, is essential for the initiation of SVT. Multiple episodes of SVT were initiated and terminated by single APDs in four patients with a history of paroxysmal SVT. The atria were then paced at numerous fixed rates in excess of the spontaneous sinus rate. In each patient, at atrial rates where progressive A-V nodal conduction delay occurred from beat to beat (Wenckebach cycles), a specific degree of A-V nodal conduction delay always resulted in atrial reentry or SVT. Although the atrial coupling interval was considerably longer during Wenckebach cycles initiating SVT than for single APDs resulting in the arrhythmia, the prolongation of A-V nodal conduction was identical. Independent of atrial coupling interval, a requisite degree of A-V nodal conduction delay always resulted in atrial echoes or SVT. This supports the conclusion that SVT results from atrial reentry via the A-V node. Circulation, Volume XLIII, May 1971 the Wolff-Parkinson-White syndrome, SVT was demonstrated to result from spontaneous or stimulated atrial premature depolarizations (APD) which occur during a specific portion of the atrial cycle-the "echo" zone.'3 Atrial reentry via the A-V node was demonstrated to be the mechanism initiating and sustaining SVT in these patients.'4
T I fHE clinical association between atrial premature beats and paroxysmal supraventricular tachycardia (SVT) is well recognized.1' 2 These spontaneous atrial premature beats were initially thought to be evidence of an atrial automatic pacemaker,3-6 but recent clinical studies have suggested they may initiate SVT by a reentrant mechanism.7 12 In a previous study of nine patients with a history of paroxysmal SVT the Wolff-Parkinson-White syndrome, SVT was demonstrated to result from spontaneous or stimulated atrial premature depolarizations (APD) which occur during a specific portion of the atrial cycle-the "echo" zone.'3 Atrial reentry via the A-V node was demonstrated to be the mechanism initiating and sustaining SVT in these patients. '4 The present study was undertaken to determine the essential condition by which any atrial beat results in atrial reentry or SVT. The prolonged A-V nodal conduction of atrial depolarizations resulting in atrial reentry and SVT, could be analyzed apart from their coupling interval by atrial pacing at rates sufficient to produce A-V nodal Wenckebach cycles. In our patients, sufficient prolongation of A-V nodal conduction resulted in SVT independent of the atrial coupling interval.
The sequence of atrial depolarization during SVT was also analyzed.
Methods
Four patients were referred to the cardiology division because of a history of paroxysmal rapid regular palpitations and electrocardiographic documentation of supraventricular tachycardia. The patients' ages ranged from 20 The bipolar atrial electrogram was used to trigger an oscilloscope which triggered a single wave form and pulse generator. Atrial premature stimuli of 1.5-msec duration and twice diastolic threshold were introduced during every tenth sinus cycle. A variable delay potentiometer on the pulse generator allowed atrial premature stimuli to be made progressively more premature. A-V refractory periods were then measured using the extra-stimulus method.1' Numerous episodes of SVT were initiated in each patient by single atrial premature stimuli. Episodes of SVT were terminated using the same triggered stimulating apparatus. With the wave form generator operating in the recurrent mode, the atria were paced at various fixed rates in excess of the sinus rate.
Electrocardiographic leads I, II, and III, bipolar atrial electrogram, His bundle electrogram, and time marks at 10 and 100 msec were observed on a separate switched beam oscilloscope and recorded on magnetic tape. The analog tracings were subsequently reproduced on a photographic recorder and electrograms displayed at frequency settings of 40-500 Hz. The method by which A-V refractory periods were measured and SVT initiated. In patients with paroxysmal SVT and no evidence of the Wolff-Parkinson-White syndrome, demonstrated that SVT almost certainly results from atrial reentry via the A-V node. '3' 14 Observations in our patients conform to those of the previously reported nine cases: (1) SVT was always, and only, initiated by APDs occurring during a specific portion of the relative refractory period of the A-V node; (2) SVT could be terminated by single APDs which blocked within the A-V node and reentrant pathway; and (3) carotid sinus massage terminated SVT by progressive prolongation of A-H interval and eventual failure of conduction within the A-V node.
In several studies, both the coupling interval and P-R interval of APDs initiating reentry have been emphasized.12' 17, 18 The "echo" zone was defined as the range of coupling intervals at which APDs uniformly result in either atrial echoes or SVT.'3 Although it was recognized that the "echo" zone was clearly distinct from the atrial vulnerable period,19 there had been no previous attempt to separate the effects of the coupling interval of APDs initiating reentry and SVT, from the prolonged A-V nodal conduction these APDs exhibit.
In the present report, the precise relationship of APDs to A-V nodal conduction was analyzed in patients with SVT. As would be expected from the functional characteristics of the A-V node, the length of the P-R interval of spontaneous or stimulated APDs ( fig. 1 ) is related to their coupling interval. 20 The graphs in figure 2 demonstrate that APDs introduced during sinus rhythm, resulting in reentry and SVT, not only have a specific Circulation, Volume XLIII, May 1971
A .1 L A zone of coupling (A1A2 intervals to the left of the thin vertical lines in these figures), but always demonstrate a specific prolongation of A-H interval (A2H2 above the thin horizontal lines). In any patient, pacing the atria at fixed rates in excess of the spontaneous sinus rate prolongs the A-H interval.21 The higher the paced rate, the more prolonged the A-H interval of each paced beat. Atrial pacing at appropriate rates may be used to produce A-V nodal Wenckebach cycles; that is, cycles where the A-H interval shows increasing prolongation from beat to beat until conduction eventually fails within the A-V node.22 In our patients, SVT was initiated in each patient during induced Wenckebach cycles, when the A-H interval exceeded the limit defined by single APDs initiating SVT for that patient ( fig. 2) . The atrial cycle length (A-A interval) which resulted in SVT during fixed rate atrial pacing was uniformly longer than the longest coupling interval for any single APD initiating SVT ( fig. 2) , and fell beyond the outer limit of the "echo zone" if defined in terms of coupling interval alone.
For example, in figure 5 , atrial pacing at a cycle length of 410 12 It has been demonstrated in this and previous studies that paroxysmal SVT in man is the result of atrial reentry via the A-V node. Yet, P waves in the surface electrocardiogram have been inconsistent in their relationship to QRS complexes as well as their morphology.13 In the present study, intra-atrial electrograms were purposely recorded from the high right atrium and low interatrial septum during sinus rhythm and SVT. The expected atrial depolarization sequence (high to low) was observed in all patients during sinus rhythm. Because of the temporal relationship of atrial and ventricular depolarization, the sequence of atrial depolarization during SVT could be analyzed in only two of our patients. In both, during SVT, the low interatrial septum depolarized significantly before the high right atrium. This observation is consistent with the conclusion that paroxysmal SVT results from atrial reentry via the A-V node.
A Diagnostic Test for Paroxysmal SVT Our patients all had a history of paroxysmal rapid regular palpitations lasting from minutes to hours. During an episode of typical palpitations, SVT was documented on standard electrocardiograms prior to admission. It is of interest that the frequency of SVT in our patients was such that we did not observe spontaneous SVT during the in-hospital period. Nevertheless, appropriately timed stimulated APDs resulted in SVT in every patient during catheterization. The induced SVT was identical to the previously documented spontaneous arrhythmia.
In our combined experience with over 100 patients without a history of SVT whose A-V refractory periods were measured by introducing progressively premature atrial depolarizations during sinus rhythm, not one ever developed SVT . 25 Yet, in all patients with a history of SVT similarly studied, appropriately timed APDs uniformly resulted in this arrhythmia. This suggests that, in patients with a history suggestive of SVT, documentation of which has been impossible due to the brief duration of palpitations, the methods used here might provide a diagnostic test to demonstrate if SVT is the cause of their clinical symptoms before drug therapy is instituted.
A word of caution is in order. At the present time, this type of testing should probably be limited to those centers where these stimulation techniques are frequently utilized. Secondly, although in 13 consecutive patients with a history of SVT, atrial reentry could be demonstrated to be the mechanism of their arrhythmia, this mechanism is undoubtedly not the cause of all atrial tachyarrhythmias.
Some patients may have an ectopic atrial focus which is responsible for their arrhythmia. Were this the case in any given patient, the stimulation sequences described here would not be successful in initiating their tachycardia.
